In October 2000, the Advisory Committee on Immunization Practices (ACIP) recommended vaccination for all children younger than 2 years and for children aged 2 to 4 years with certain chronic illnesses. 5 For newborns, the ACIP recommended 3 doses given at 2, 4, and 6 months of age with a fourth dose given between the ages of 12 and 15 months. Fewer doses were recommended for children who began the series later. For unvaccinated children aged 2 to 4 years with certain chronic conditions, the ACIP recommended 2 doses given 2 months apart. Among healthy unvaccinated children aged 2 to 4 years, the ACIP recommended a single dose of vaccine, with priority given to children of Alaska Native, American Indian, or African American descent. 5 The pneumococcal conjugate vaccine is one of a few vaccines for which certain minority populations have been targeted for priority vaccination and was the first to specifically list children of African American descent as a high-risk group.
Eliminating racial disparities in disease incidence is a main objective set forth in Healthy People 2010. 6 The goal of eliminating disparities requires meeting Healthy People 2010 targets for pneumococcal disease in all racial and ethnic minority populations. The Healthy People 2010 targets for invasive pneumococcal disease are to reduce incidence to 46 cases per 100000 children younger than 5 years and to 42 per 100000 adults aged 65 years or older. 6 We measured progress toward these goals using data from the US Centers for Disease Control and Prevention (CDC) Active Bacterial Core surveillance (ABCs) system. This analysis examined the impact of childhood vaccination on disease incidence and pneumococcal serotype distribution among whites and blacks. For comparison with trends in disease incidence, we analyzed vaccination coverage by racial group measured in 2 National Immunization Surveys.
METHODS
Between January 1, 1998, and December 31, 2002, the ABCs system continuously monitored invasive pneumococcal infections in San Francisco, Calif; the state of Connecticut; the Atlanta, Ga, metropolitan area; the Baltimore, Md, metropolitan area; Minneapolis and St Paul, Minn; Rochester, NY; and Portland, Ore. The total population under surveillance in 2002 was 16.5 million persons (6% of the US population). According to the 2000 US Census, 7 the surveillance population was 78% white, 17% black, and 5% Asian or Pacific Islander, with 6% Hispanic ethnicity. Compared with the US population, the surveillance areas have a higher percentage of persons of black race and a lower percentage of those of Hispanic ethnicity. Data from all sites were combined because trends by race were similar across sites.
Cases of invasive pneumococcal disease were identified through active, laboratory-based surveillance. All clinical laboratories serving the residents of the surveillance population were contacted regularly and audited to identify cases. A case of invasive pneumococcal disease was defined as isolation of Streptococcus pneumoniae from a normally sterile body fluid (eg, blood or cerebrospinal, peritoneal, joint, or pleural fluid) obtained from a resident of the surveillance area during 1998 through 2002. Case-patient race and ethnicity were identified by review of medical records and reported to the CDC on a standardized questionnaire. Completeness of information on race ranged from 97% in Maryland to 68% in Oregon, and on ethnicity from 92% in New York to 17% in Connecticut. Pneumococcal vaccination status of case-patients was not determined as part of routine surveillance. In 5 sites (excluding Georgia and New York), data on human immunodeficiency virus (HIV) infection and AIDS were obtained from the patient's medical records.
Pneumococcal isolates were sent to reference laboratories for serotyping using the Quellung reaction. Serotypes in the 7-valent conjugate vaccine include types 4, 6B, 9V, 14, 18C, 19F, and 23F. Serotypes from serogroups not included in the 7-valent vaccine are referred to as nonvaccine serotypes. Serotypes in the 23-valent polysaccharide  vaccine include 1, 2, 3, 4, 5, 6B, 7F, 8,  9N, 9V, 10A, 11A, 12F, 14, 15B, 17F,  18C, 19A, 19F, 20, 22F, 23F, 33F. Annual cumulative incidence rates were calculated for 1998 through 2002 using population estimates from the US Census Bureau for each year. Race was defined according to the US Census prior to 2000. Race-specific incidence rates for 2000 through 2002 were calculated using bridged census files to maintain consistent race categories. 7 The calculation of incidence rates in 1998 and 1999 for persons of Hispanic ethnicity used the population estimate from the 2000 US Census. To calculate race-specific disease rates, we redistributed case-patients with missing race information (12% of casepatients) according to the distribution of those with known race by site and age group. Case-patients for whom ethnicity was not reported were assumed to be non-Hispanic. Rate ratios were calculated comparing age-and racespecific incidence in 2001 or 2002 with a baseline "prevaccine" rate defined as the average of 1998 and 1999 incidence rates to account for variability in prevaccine years. 4 Confidence intervals (CIs) for rate ratios were calculated using Poisson regression with terms for race and time period. We tested the significance of a raceϫtime interaction term in the model to assess the difference between the blackwhite rate ratios in the 2 time periods. For national projections of cases, we applied age-and race-specific rates of disease from the surveillance areas to the age and racial distribution of the US population for the corresponding year. We defined the excess number of cases among blacks in each period as the difference in rates between blacks and whites, projected to the US black population. The above analyses were conducted using SAS version 8.0 (SAS Institute Inc, Cary, NC 11,12 During this time, clinicians were asked to withhold vaccine from all healthy children aged 2 to 4 years and to defer the fourth dose of vaccine for healthy infants.
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RESULTS
Patient Characteristics
From 1998 through 2002, 15923 cases of invasive pneumococcal disease were reported from the 7 geographic sites. Among 14025 (88%) case-patients with known race, 8754 (62%) were white, 4911 (35%) were black, and 363 (3%) were Asian/Pacific Islander or American Indian/Alaskan Native; 4% (669/ 15923) of all case-patients were of Hispanic ethnicity. In 5 sites where HIV status was routinely collected, HIV infection or AIDS was identified in 11% (1191/10706) of case-patients and was strongly associated with black race: 27% (773/2872) of black case-patients were identified as HIV-infected vs 5% (283/ 6006) of white case-patients, 3% (8/ 308) of Asian/Pacific Islander or American Indian/Alaskan Native casepatients, and 8% (127/1520) of casepatients with unknown race.
Illness Presentation
The proportion of case-patients hospitalized varied by age but not by race: 33% of children younger than 5 years were hospitalized vs 90% of patients aged 5 to 64 years and 95% of patients aged 65 years or older. White casepatients were more likely than black patients to have been diagnosed with pneumonia (64% vs 57%) and less likely to have had bacteremia without a focus identified (27% vs 34%); meningitis was diagnosed in 5% of all casepatients with no difference by race. The case-fatality rate was 11% for cases with known outcome (1745 deaths/15785 cases), with the highest case-fatality rate (25%) among casepatients aged 80 years or older. Casefatality proportions by age category did not differ between white and black case-patients.
Trends by Race and Ethnicity
Incidence rates of invasive pneumococcal disease were lower after vaccine introduction for all populations included in surveillance. Prevaccine rates were 19.0 cases per 100 000 population for whites, 54.9 for blacks, and 13.7 for other racial groups. In 2002, the rates were 12.1 for whites, 26.5 for blacks, and 5.6 for other racial groups. Due to these declines, 14 730 fewer cases occurred among whites and 8780 fewer cases occurred among blacks in 2002, compared with 1998-1999. Among persons of Hispanic ethnicity, incidence per 100000 decreased from 13.6 in 1998-1999 to 10.5 in 2002. Among children younger than 5 years, incidence of invasive disease fell be- Compared with the prevaccine period, incidence of invasive pneumococcal disease was lower for whites and blacks in every age category in 2001 and 2002 (TABLE 1). The greatest reductions were among children younger than 2 years. In 2002, incidence was 77% (95% CI, 72%-81%) lower among white children younger than 2 years and 89% (95% CI, 85%-92%) lower among black children younger than 2 years, compared with 1998-1999 averages. The ratio of black-white incidence was significantly lower in 2001 and 2002 than during the prevaccine period, and in 2002 was approaching equality (Table 1) . Among children aged 2 to 4 years, incidence in 2002 was 51% (95% CI, 36%-63%) lower among whites and 66% (95% CI, 50%-76%) lower among blacks than in the prevaccine period. The black-white rate ratio among children aged 2 to 4 years was lower in 2002 than in 1998-1999, although the difference was not significant.
Overall, the ratio of black-white incidence of invasive pneumococcal disease fell from 2.89 in 1998-1999 to 2.19 in 2002 (Table 1) . While blacks experienced significantly higher rates than whites in almost every age category, the difference between rates for blacks and whites fell 60%, from 35.9 cases per 100000 in the prevaccine period to 14.4 in 2002. To examine black-white disparities among adults separate from the influence of HIV infection, we repeated the analyses using only 5 sites that routinely collected information on (TABLE 2) . Among blacks, 6480 of 10 250 cases (63%) could be considered "excess cases" with respect to incidence among whites. This number of excess cases in the black population was substantially lower than the comparable figure for the prevaccine period, when the annual excess was estimated at 13220 of 19030 cases (69%) in the US black population. The reduction in excess cases in children younger than 2 years accounted for 47% of the decrease in excess cases among blacks during the time period.
Among persons aged 65 years or older, rates in 2002 were close to meeting the Healthy People 2010 target: incidence was 42.2 per 100 000 among whites and 57.5 among blacks. This age group accounted for a small percentage (17%) of pneumococcal disease among blacks vs 50% of all cases among whites. In 2002, adults aged 18 to 49 years accounted for 44% of black vs 24% of white case-patients, while adults aged 50 to 64 years accounted for 24% of black and 20% of white casepatients.
Serotype Distribution
Serotype was analyzed for 7827 isolates (89%) from white case-patients and 4449 isolates (91%) from black case-patients. Between the prevaccine period and 2002, the incidence of disease caused by the 7 vaccine serotypes declined 87% (95% CI, 83%-90%) among white children younger than 5 years, from 58.0 to 7.4 cases per 100 000, and 92% (95% CI, 89%-94%) among black children, from 180.3 to 14.5 cases per 100000. There were no significant differences between the percentage reductions among black and white children in the incidence of disease caused by individual vaccine serotypes. The incidence of nonvaccine serotype disease increased among white children younger than 5 years, from 5.6 to 8.7 cases per 100000 (P=.004), and did not change significantly among black children younger than 5 years (9.7 vs 9.3 cases per 100000, P =.90).
Declines in incidence of vaccineserotype disease among young children and adults changed the serotype distribution of invasive pneumococcal disease. In 2002, serotypes in the 7-valent vaccine accounted for 36% of isolates from white children younger than 5 years and 44% of isolates from black children, as opposed to 81% and 84%, respectively, in the prevaccine period. Among whites, rates of vaccine serotypes for adults aged 18 to 64 years decreased 51% (95% CI, 44%-57%), from 5.5 to 2.7 cases per 100 000; among blacks, the corresponding rates decreased 69% (95% CI, 64%-73%), from 27.8 to 8.6. Among white persons aged 65 years or older, rates of conjugate vaccine serotypes decreased 46% (95% CI, 38%-53%), from 33.3 to 18.1 cases per 100 000; among black persons of the same age, the corresponding rates decreased 47% (95% CI, 25%-62%). Rates of the remaining 16 serotypes in the 23-valent polysaccharide vaccine did not change significantly (from 13.0 to 13.3 per 100000 among whites [P =.83] and from 16.2 to 12.4 per 100 000 among blacks [P=.33]). In 2002, the 7 conjugate vaccine serotypes accounted for 39% and 37% of isolates from white and black adults aged 18 to 64 years and 43% and 45% of isolates from white and black adults aged 65 years or older. Serotypes included in the 23-valent polysaccharide vaccine accounted for 80% and 73% of isolates from white and black adults aged 65 years or older in 2002. 2) . In each survey, the youngest age group had the highest levels of immunization: 55% of both white and black children aged 19 to 23 months during the 2001 survey had received 1 or more doses of conjugate vaccine; in 2002, 83% of white and 82% of black children in this age group had received 1 or more doses. In the 2001 survey, 79% (95% CI, 65%-92%) of black children and 52% (95% CI, 43%-61%) of white children aged 30 to 35 months had received their first dose of vaccine after their second birthday. In the 2002 survey, only 8% of black children and 7% of white children aged 30 to 35 months had received their first dose after their second birthday.
COMMENT
The incidence of invasive pneumococcal disease fell sharply among all racial/ ethnic groups during the first 2 years of widespread vaccination with the 7-valent conjugate vaccine, resulting in substantial reductions in excess incidence among black Americans. The Healthy People 2010 target for incidence among children younger than 5 years was met for all racial/ethnic groups in 2002. These findings are especially encouraging considering that a vaccine shortage occurred in the second half of 2001 through early 2003.
11 Surprisingly, declines in incidence were greater among black children than among white children, despite similar vaccination coverage. The observation in 2001 that a higher percentage of black vs white children received vaccine after their second birthday suggests that some race-based targeting of older children occurred. This might account for the larger declines in incidence among black vs white children aged 2 to 4 years, but the greater reductions were observed in children younger than 2 years. A contributing factor was the increase in nonvaccine serotype disease among white children that was not observed among black children. In addition, rates among black children were much higher than among white children in the prevaccine period and declines may flatten out at Herd immunity is also the best explanation for the reduced incidence of pneumococcal disease observed among adults following vaccination of children. 4, 14 Some adults would have received the 23-valent pneumococcal polysaccharide vaccine, which is recommended for all persons aged 65 years or older and has been available since 1983. 6 However, coverage with the 23-valent polysaccharide vaccine remains well below the Healthy People 2010 target of 90% vaccination among persons aged 65 years or older 6 and has been especially low in minority populations. 15 The 23-valent vaccine contains all 7 serotypes included in the conjugate vaccine. Among persons aged 65 years or older, we observed declines in incidence of disease caused by conjugate vaccine serotypes but not by other serotypes in the 23-valent polysaccharide vaccine. This suggests that changes in adult disease were due to decreased transmission of conjugate vaccineserotype pneumococci from children to adults, 4 consistent with previous studies showing reduced carriage of vaccine serotypes in children receiving a pneumococcal conjugate vaccine. 16, 17 Differences in the age distributions of pneumococcal disease among white and black adults have been previously described. 1 The observation that 83% of disease among black adults occurred before age 65 years suggests that current immunization policy may not be optimal for black adults. Although the polysaccharide vaccine is recommended for persons younger than 65 years with underlying medical conditions, 18 only 27% of persons aged 50 to 64 years with medical indications had received the polysaccharide vaccine in 2001. Among blacks with medical indications, the percentage was only 13%. 19 Recent analyses suggest that vaccination of such "high-risk" individuals aged 50 to 64 years would be costeffective, especially for blacks. 19 Equally important are strategies to decrease the prevalence of diabetes, HIV infection, and other underlying conditions that increase the risk of pneumococcal disease and disproportionately affect minority populations. This analysis presents for the first time the incidence of invasive pneumococcal disease for Hispanics in the ABCs areas. Although Hispanics make up 6.3% of the ABCs population (compared with 12.2% of the US population), 7 previous analyses have had too few casepatients identified as Hispanic to produce stable estimates of incidence. Using 2000 US Census estimates for the size of the Hispanic population in the prevaccine period, we found that the rates of invasive pneumococcal disease among Hispanics were similar to rates among whites. As the Hispanic population increases, specific health information about Hispanics will be increasingly important.
The current analysis has limitations. Race and ethnicity of casepatients were abstracted from medical records and may differ from selfreported race and ethnicity. We assumed that information on race was missing at random within each ABCs site and redistributed patients with missing information on race in order to improve estimates of race-specific pneumococcal disease incidence. If analyses were limited to patients with known race, the black-white rate difference among children younger than 2 years and the estimate of excess cases in black children younger than 2 years would have been 7% lower in 2001 and 8% lower in 2002. For case-patients with missing ethnicity information, 87% had race identified. We assumed that Hispanic case-patients were more likely to have ethnicity identified than were nonHispanics, and therefore cases missing ethnicity were not redistributed. Therefore, rates presented for the Hispanic population should be interpreted as lower bounds for the true incidence of pneumococcal disease in this population.
This study did not investigate reasons for the higher risk of pneumococcal disease among blacks. Among children younger than 5 years, one study found that black race was not an independent risk factor when day care attendance, underlying disease, and breastfeeding were taken into account. 20 Among adults, previous studies have identified both individual risk factors (eg, smoking and underlying diseases including HIV 3 ) and community-level risk factors (eg, prevalence of AIDS and poverty 1, 21 ) that explain some but not all of the increased risk among blacks. Our analysis did show that removing casepatients with known HIV infection reduced somewhat the apparent excess risk of disease among black adults in the ABCs system. Because not all case-patients were tested for HIV, the contribution of HIV infection to the observed disparity may be even greater than we measured. In addition, data on socioeconomic status and other possible risk factors were not available.
The full potential of the ACIP racebased recommendations was not realized due to limitations in vaccine supply, yet they focused attention on the disparities between blacks and whites in incidence of pneumococcal disease. While the cause of the excess pneumococcal disease burden observed in black Americans remains unclear, the use of pneumococcal conjugate vaccine is clearly an important tool for reducing this excess risk.
